Polycrystalline La 0.67 Sr 0.33 MnO 3 (LSMO) powder prepared via conventional solid state reaction was pressed into pellet form. The pellets became target to growth thin films on corning glass (LSMO-C), fused silica (LSMO-FS) and MgO (100) (LSMO-M) substrate via pulsed laser deposition (PLD) method. XRD results showed that all samples were hexagonal structure with R-3C space group. Thin films showed relatively smaller crystallite size compared to bulk samples. From Rietveld Refinement analysis, all thin films experienced lattice strain when deposited on different substrate. LSMO compound deposited in different substrate induced structure distortion and lattice strain. Compression along c-axis occurred when the lattice strain increased thus shifted the metal-insulator transition temperature to lower temperature and increased its resistivity.
Introduction
Magnetoresistance effect in polycrystalline ceramic with chemical formulae Re 1-x A x MnO 3 in perovskite structure has attracted a lot of interest from researcher since its discovery [1] . The physical properties of manganite thin film are usually much dependence on the structural, oxygen content and disorder. Several factors will influence these properties, such as lattice strain and lattice misfit [2, 3] . Lattice strain which induced due to the lattice mismatch and lattice distortions results from the substrate imperfections plays an important role in determining the changed of electrical and magnetic transport properties of manganite. Some report showed that tensile strain enhances ferromagnetism and conductivity significantly [4] . Besides, metal insulator transitions temperature (T p ) changed with the increase of lattice mismatch in La 0.67 Ca 0.33 MnO 3 also reported by B. Vengalis et al. [5] . In other report, the tensile strain results in the decrease of ferromagnetic or transport properties of (La 0.91 , Sr 0.09 )MnO 3 [6] . Besides, the importance of strains from different substrate on the phase transition temperature was concluded by Antonakos et al. [7] . In this work, we discussed the effect of lattice strain (%) in structural, magnetoresistance and electrical properties when La 0.67 Sr 0.33 MnO 3 (LSMO) was deposited on different type of substrates.
Method
High purity (99.9%) powder of La 2 O 3 , SrCO 3 , and MnO 2 were used to prepare La 0.67 Sr 033 MnO 3 (LSMO) target via solid state reaction method. LSMO target was used to fabricate thin film on corning glass (LSMO-C), fused silica (LSMO-F) and MgO (100) (LSMO-M) substrate via pulsed laser deposition (PLD) using Nd-YAG laser. The film was post annealed at 700 0 C for 4 hours. X-ray diffraction technique (XRD, Phillips PW 3040/60 Xpert Pro) was used to reveal the structure and LakeShore Hall Effect measurement system (HMS 7604) was used to measure the electrical properties with/without applied field (10kG) from 100-300K. Field emission scanning electron microscope (FESEM, FEI Nova NanoSEM) was used to observe the microstructure of thin films. Vibrating sample magnetometer (Lake Shore model 7407) and high surface profiler (XP-200 Sylus Profilometer) were used to obtain the magnetization and thickness of the thin film deposited on each substrate respectively.
Results and Discussions
XRD spectrums of all samples were shown in Figure 1 . All samples were in single phase where the crystal structure was hexagonal with space group of R-3c. LSMO-C, LSMO-M matched with ICSD collection code of 155298 while LSMO-F matched with code of 51276. LSMO bulk showed higher intensity by referring to the peak at around 32 0 as shown in Figure 2 . Broader full width half maximum can be seen after converted into thin film indicated that smaller crystallite size in film. High lattice strain value which calculated by Scherrer calculator can be seen in the thin film compared to the bulk as shown in Table 1 . Lattice misfit between LSMO film and substrate resulted compression of plane lattice parameter (a, b) and tensile out of plane (c) strain if we compare to bulk sample where the crystal structure was freely growth. However, further distortion of crystal structure can be observed through elongation of a and b, and shortening of c from LSMO-M, to LSMO-C and LSMO-F. This is believed that caused by the further increased in lattice strain value when LSMO deposited on amorphous substrate. 
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Main Tendencies in Applied Materials Science Microstructure of LSMO bulk and thin film was showed in the micrograph below. Melted like grain was observed in LSMO bulk where great diffusion happened. After converted into thin film, "island" like grain growth can be seen in thin film sample. Diffusion between grains can be seen where grains were connected and agglomerated together. The average grain size for all thin film samples was below 30 nm. Nano-crack was normally seen in thin film deposited using Pulsed Laser Deposition technique with laser wavelength of 532 nm or higher [8] . The nano size cracks might resulted by the difference coefficient of thermal expansion between sample and substrate. In this work, the average size of the nano cracks was 12.65 nm for LSMO-C, 17.71 nm for LSMO-M, and 26.55nm for LSMO-F. Hence, microstructure formation of the thin film samples were substrate dependence due to different thermal expansion coefficient of substrate.
Fig. 3: FESEM micrograph of LSMO bulk & thin films under low and high magnifications
AC susceptibility graph of bulk and thin film samples were showed in Figure 4 . The decreasing of susceptibility suggested that the sample shows antiferromagnetic state at low temperature where no significant turning point can be seen throughout the measurement range (80 K -340 K). This suggested that all LSMO sample had Curie temperature above 340 K. Figure 5 showed the resistivity curve versus temperature for LSMO bulk and thin film. Bulk sample showed lower resistivity compared to LSMO-C, LSMO-M, and LSMO-F suggested that nano crack in microstructure greatly influenced the propagation of electron through the surface. Highest resistivity can be found in LSMO-F which corresponds to the largest nano crack found in it. Interestingly, the increase in value of lattice strain % reduces the metal-insulator transition temperature from LSMO bulk (>300 K) to LSMO-M (266 K), LSMO-C (264 K), and lastly LSMO-F (226 K). This strain/stress arises believe to stretch/compress Mn-O-Mn bond angle and bond distance which plays important role in double exchange mechanism. In the observation of T p deposition of thin film on amorphous substrate (corning glass and fused silica) does not shows much difference compared to deposition on single crystal substrate (MgO). Magnetization of samples in variable field at room temperature was shown in Figure 6 . All samples exhibited soft ferromagnetic behavior indicating by their "sigmoid" curve shape. Magnetization of 29.60 emu/g, 27.03 emu/g, and 24.40 emu/g were obtained for LSMO-F, LSMO-M and LSMO-C respectively. The lattice strains occurred due to crystal structure distortion and this slightly affected the magnetization value. 
Conclusion
Thin films of La 0.67 Sr 0.33 MnO 3 were successfully prepared with average thickness of ~1 µm. The crystal structures of the thin film deposited on different substrates were same with the bulk, which is hexagonal (R-3c). However, structure distortion was observed due to different lattice strain in the thin film sample. Microstructure of bulks and thin film were different where thin film shown "island" like growth whereas LSMO bulk shows melted like microstructure. Lattice strain (%) was substrate dependence and largest lattice strain can be found in LSMO-F (Mn-O = 1.948 Å; Mn-O-Mn = 166.587 0 ). The crystal structure tilted when lattice strain induced thus influence the structure of MnO 6 octahedral. The altered Mn-O bond angle and bond distance affected the electrical transport properties of the sample. As the lattice strain increased, metal-insulator transition temperature decreases and its resistivity increases.
